The chemical compositions of the essential oils obtained by hydrodistillation of three Piper plants grown in Vietnam are reported. The analysis was achieved by means of gas chromatography with flame ionization detection (GC-FID) and gas chromatography coupled with mass spectrometry (GC-MS). The main constituents of the leaf oil of Piper majusculum Blume were β-caryophyllene (20.7%), germacrene D (18.6%) and β-elemene (11.3%). The quantitatively significant compounds of the volatile oils of P. harmandii C. DC were sabinene (leaves, 14.5%; stems, 16.2%), benzyl benzoate (leaves, 20.0%; stems, 29.40%) and benzyl salicylate (leaves, 14.1%; stems, 24.3%). Also, α-cadinol (17.0%) was identified in large proportion in the leaf oil. However, sabinene (leaves, 17.9%; stems, 13.5%), benzyl benzoate (leaves, 20.5%; stems, 32.5%) and β-eudesmol (leaves, 13.8%; stems, 8.4%) were the main constituents of P. brevicaule C. DC. This is the first report on the volatile constituents of both P. harmandii and P. brevicaule.
The chemical constituents of some poorly studied species of the Vietnamese flora were published recently [1] . In this paper, the volatile constituents identified in Piper majusculum, P. harmandii C.DC and P. brevicaule C.DC are reported. The genus Piper belongs to the Piperaceae family and has over 700 species distributed pantropically. Piper species are widely used in folk medicine to heal wounds, reduce swelling and skin irritations [2] . The lack of available literature information on the volatile constituents of these plant samples prompted our interest in this research. The yields (v/w) obtained by hydrodistillation of the plant samples were: 0.15% (leaves, P. majusculum); 0.23% (leaves) and Sesquiterpenes (76.5% hydrocarbons and 10.7% oxygenated) were the main classes of compounds in P. majusculum ( Table 1 ). The major constituents of the oil were β-caryophyllene (20.7%), germacrene D (18.6%) and β-elemene (11.3%). To the best of our knowledge, there is only one report on the essential oil of this plant [3] , in which the major compounds were determined to be trans-caryophyllene (17.3%), caryophyllene oxide (14.3%) and -selinene (14.2%). The previous and present results were similar due to the quantitative amount of caryophyllene, but differ from each other because of the low content of caryophyllene and its oxide and the absence of -selinene in the Vietnamese sample. In addition, germacrene D and β-elemene were not identified in the Malaysian oil sample [3] .
The major classes of compounds identified in P. harmandii oils were monoterpene hydrocarbons (21.6%, leaves and 25.2%, stems), oxygenated sesquiterpenes (20.2%, leaves and 11.2%, stems) and aromatic esters (34.1%, leaves and 53.7%, stems). Also, sesquiterpene hydrocarbons (14.5%) occurred in sizeable amounts in the leaf oil. The main constituents of P. harmandii (leaf and stem, respectively) were sabinene (14.5% and 16.2% respectively), benzyl benzoate (20.0% and 29.4% respectively) and benzyl salicylate (14.1% and 24.3% respectively). The leaf oil possessed a large quantity of α-cadinol (17.0%), while (E, E)-farnesol (5.3%) was present in the stem (Table 1) .
Monoterpene hydrocarbons (29.7% and 21.0%), oxygenated sesquiterpenes (25.3% and 31.7%) and aromatic esters (22.2% and 33.8%) were the classes of compounds present in P. brevicaule leaf and stem oil, respectively ( Table 1 ). The main compounds of the essential oils were sabinene (leaf, 17.9% and stem, 13.5%), β-eudesmol (leaf, 13.8% and stem, 8.4%) and benzyl benzoate (leaf, 20.55 and stem, 32.5%).
Although the chemical constituents and biological activities of essential oils from several Piper plants from Vietnam [4a] and elsewhere have been published [4b-g], marked differences were observed in the compositional pattern. For example, benzyl benzoate was the main constituent of P. retrofractum and P. sarmentosum [1b]. P. maclurei leaf contained (E)-cinnamic acid and (E)-nerolidol, while (Z)-9-octadecanoic acid methyl ester, (E)-cinnamyl acetate and phytol were present in the stem [4a] . However, 1,3,5-trimethoxy-2-propenylbenzene and methyl eugenol were present in P. patulum [4b] while limonene and β-elemene were identified in P. demeraranum oil [4c]. The high amounts of β-caryophyllene and longiborneol in P. glabratum; β-pinene, khusimene and -cadinene in P. hispidum; and β-caryophyllene along with germacrene D-4-ol in P. madeiranum were reported [4d]. Also, trans-β-caryophyllene was the main constituent of Piper var. brachypodom while α-pinene was identified in P. bredermeyeri [4f] . Methyleugenol and eugenol are the major components of the essential oil of P. divaricatum [4g] . This is the first report on the volatile contents of P. harmandii and P. brevicaule.
Experimental
Plant materials: Samples of P. majusculum, P. harmandii and P. brevicaule were collected from Pù Mát National Park, Nghệ An Province, Vietnam, in August 2013. Voucher specimens LDH 322, 343 and 351, respectively were deposited at the Botany Museum, Vinh University, Vietnam. Plant samples were air-dried prior to extraction.
Extraction of the oils: Aliquots of 0.5 kg of each air-dried and pulverized sample were subjected to separate hydrodistillation for 3 h at normal pressure according to the Vietnamese Pharmacopoeia [5] .
Analysis of the oils:
Gas chromatography (GC) analysis was performed on an Agilent Technologies HP 6890 Plus Gas chromatograph equipped with a FID and fitted with a HP-5MS column (30 m x 0.25 mm, film thickness 0.25 m, Agilent Technology). The analytical conditions were: carrier gas H 2 (1 mL/min), injector temperature (PTV) 250°C, detector temperature 260°C, column temperature programmed from 40°C (2 min hold) to 220°C (10 min hold) at 4°C/min. Samples were injected by splitting and the split ratio was 10:1. The volume injected was 1.0 L. Inlet pressure was 6.1 kPa. The relative amounts of individual components were calculated based on the GC peak area (FID response) without using correction factors. Retention indices were determined relative to a series of n-alkanes eluted under the same analytical conditions. An Agilent Technologies HP 6890N Plus Chromatograph fitted with a fused silica capillary HP-5 MS column (30 m x 0.25 mm, film thickness 0.25 m) and interfaced with a mass spectrometer HP 5973 MSD was used for the GC/MS analysis, under the same conditions as those used for GC analysis, but with He (1 mL/min) as carrier gas. The MS conditions were as follows: ionization voltage 70 eV; emission current 40 mA; acquisitions scan mass range of 35-350 amu at a sampling rate of 1.0 scan/s. Compounds were identified as previously described [1,4a] .
